In order to improve the utilization of unevenly distributed PM 2.5 observations, a PM 2.5 transport adjoint model is implemented to estimate the parameters and simulate PM 2.5 over China.
Introduction
PM 2.5 has recognized to be the major source of pollution to lead to pulmonary diseases worldwide [1] . Numerical model studies should be an important way to investigate PM 2.5 in several studies. Although there are several schemes to decrease inaccuracy factors in the PM 2 . 5 simulation process, these limitations could be effectively improved by data assimilation techniques in chemical transport models. Meanwhile, we adopt an independent point scheme (IPS) to solve the ill-posedness during the spatiotemporal parameter inversion [2] [3] [4] .
In this article, we assume several IPS for the inverse estimation of the parameters and the PM 2.5 concentrations are simulated across China domain. Twin and practical experiments are implemented to proof the validity of the IPS in the transport adjoint model.
Independent Points and Interpolation Scheme
The same PM 2.5 transport adjoint model [5] is adopted in this article.
The adjoint method (i.e. 4D-Var) has been a large-scale application in atmospheric studies. An IPS is developed to improve the ill-posedness problem caused by spatiotemporal model parameters in this paper.
Let vp i,j be parameter values at the grid point (i, j) and vpip m,n be the parameter valuesat the independent point (m, n). In this paper the vp is the IC value or the SS value. Then we have the relationship between vp and vpip:
Where φ i,j,m,n is the coefficient of linear interpolation defined as follow:
W i,j,m,n is the weighted coefficient of the Cressman form , i.e. 2 , , , 
Where R is the influence radius and r i,j,m,n is the distance between the two points.
Twin Experiments
The calculation region is shown in Fig.1 . Experiment settings are shown as follows. In this paper, we fix the horizontal resolution 0.5°×0.5°. The model integral time step is fixed at 10 minutes. And the assimilation window is seven days. The model background value is fixed at 15.0µg/m 2 , the same as the Inflow boundary values. Spatial resolution of the winds is 2.5° latitude × 2.5° longitude and daily resolution data from the National Centers for Environmental Prediction (NCEP) are used. The observation stations are given in Fig 
Sensitivity of Independent Points Distribution on Parameter Inversions
In order to explore the influence of the independent point distribution on the parameter inversions in the adjoint model, 8 strategies are designed to explore the influence. We set 2 IPs in strategy A, 4 IPs in strategy B, 6 IPs in strategy C and 8 IPs in strategy D. These four IPs strategies are applied to TE1-TE4. The error statistics shown in Table 1 obviously indicate that the adjoint model performs well with the the artificial observations. We found that the IPS in strategy C performs best with the minimum errors. The conclusion is also supported by the successfully inverted IC and SS shown in Fig. 3 . Therefore, it can be concluded that the parameter inversions can be implemented successfully by adopting IP schemes, and the effectiveness of the adjoint model is further demonstrated.
Sensitivity to Observational Errors
As we all known, the data noises lead to inaccurate reality observed PM 2.5 observations. Therefore, TE5-TE7 were carried out to investigate the model capability. The observations were given the percentage errors 10%, 15%, and 20% in TE5, TE6, and TE7, respectively. We can find that the maximum percentage error became larger, the model performance became worse (see Table 2 ). Nevertheless, the final results in these three twin experiments are close to the true values, which indicates the potential to be applied in practical applications when the observations were contaminated by data noise. 2.08 a J 300 /J 1 is the normalized cost function. K1 and K2 are the MAEs between simulations and "observations" in "assimilated cities" and "checked cities", respectively. K3 and K4 are the MAEs between prescribed and inverted IC and SS, respectively. 
Practical Experiments
According to the results in Sections 3.1 and 3.2, strategy C is used to simulate the mean field PM 2.5 over China during 18 to 20 May 2014. The mean values of PM 2.5 concentrations during test period across China are shown in Fig. 4 . Spatially, the mean values of PM 2.5 concentrations are higher in middle China, due to excessive emissions. And the values in South China with abundant rainfall are smaller. It is accordant with the facts and proves that the simulations are roughly reasonable. 
Summary
In this paper, we implement a few experiments to estimate the PM 2.5 adjoint model parameters and simulate the PM 2.5 concentrations across China. Twin experiments are implemented to test the sensitivity of the adjoint model to independent points schemes and the observation noises, and the feasibility of the method is confirmed. It is manifested that the prescribed parameters can be well recovered with appropriate independent points scheme. In the model area across China, the appropriate number of IPs is 6. Based on the appropriate independent points scheme, the mean values of PM 2.5 concentrations in practical examination are proved to be accordant with the facts.
